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(57) ABSTRACT

At the surgical tool’s proximal end, there is a first means (3)
to generate ultrasonic vibration in a torsional shear mode.
There is also a second means (2) to generate ultrasonic vibra-
tion in a longitudinal compression mode. A wave guide (4) is
operatively connected to both generating means and extend-
ing therefrom by a distance of nA/2 to a distal end provided
with cutting and/or coagulating means. The ratio of the wave-
lengths of the longitudinal compression wave and the tor-
sional shear wave, Ac: At, is an odd number. Preferably
Ac=N"At (where N is an odd integral number and x is an
integer). Delicate shear motion of the torsional ultrasonic
vibrational mode is combined with the more vigorous exci-
tation of the longitudinal compression wave ultrasonic vibra-
tion.

15 Claims, 1 Drawing Sheet
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1
ULTRASONIC SURGICAL TOOL

The present application is a national stage entry of PCT/
GB07/01968, filed May 25, 2007, which claims priority to
UK application 0610715.5 filed May 31, 2006.

The present invention relates to an ultrasonic surgical tool
for cutting and/or ablating soft material such as flesh or blood
vessels. More particularly, but not exclusively, it relates to a
tool for haemostatic cutting of soft material, particularly in a
laparoscopic surgical system.

It has long been known to cut and/or cauterise tissue by
means of ultrasonic tools which vibrate in a longitudinal
mode. These have disadvantages in that prolonged use in such
mode can affect tissue in a region extending beyond the end of
the tool being used. First reason, tools utilising ultrasonic
vibration in a torsional mode have been developed, as
described in our Patent No. GB2333709-B. Use of such tor-
sionally vibratable devices can direct the power very accu-
rately to a specific point. However, in some cases, where the
tissue to be addressed is large, it will be advantageous to
increase the size of the jaws at the distal end of the wave
guide. In this case, the comparatively short wavelength of the
torsional mode of vibrations can be its advantage.

It would be advantageous if the benefits of the delicate
shear motion of torsional ultrasonic vibrational mode could
be combined with the more vigorous excitation of the a)
longitudinal compression wave ultrasonic vibration.

Single frequency activation provides for a distal blade
whose effective length is related to the quarter wavelength at
the operating frequency. The higher the frequency, the shorter
the active length of blade. Thus it follows that, for a titanium
waveguide operating at 50 kHz in a torsional mode the blade
length would be limited to 15.5 mm which is a quarter wave-
length defining the first distal mode position. The correspond-
ing blade length for a compression wave at 50 kHz would be
24.5 mm.

Each vibration mode has its own advantages, but, in any
case, it is inappropriate to operate the tool with both modes in
use simultaneously.

It is therefore an object of the present invention to provide
atool in which a waveguide may be operated intermittently at
two different alternative frequencies, one stimulating in a
torsional mode and the other in a longitudinal mode. In order
to produce a practical system it must, of course, be possible to
isolate the waveguide at well defined nodal planes. This can
only be achieved by ensuring that there is coincidence of
displacement nodes in the two operating modes.

According to the first aspect of the present invention, there
is provided a surgical tool comprising at a proximal end, a first
means to generate ultrasonic vibration in a torsional shear
mode and a second means to generate ultrasonic vibration in
a longitudinal compression mode, a wave guide operatively
connected to both said generating means and extending there-
from by a distance of nA/2 to a distal end provided with
cutting and/or coagulating means, wherein the ratio of the
wavelengths of the longitudinal compression wave and the
torsional sheer wave, A-:A 4, is an odd number.

The ratio is preferably A.=N"Ah,where N is an odd integral
number and X is an integer

Preferably N is 3 and x is 1, in which case the ratio is 3:1.

In any event, the longer wavelength compression wave
should have nodes which coincide with at least some of the
nodes of the shorter wavelength torsional wave.

In this case the waveguide may be supported and/or insu-
lated at these common nodal points.
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Advantageously, the tool is operable for part of the time in
longitudinal vibration mode and for part of the time in tor-
sional vibration mode.

The vibration mode in operation at any one time may be
selected by the surgeon or user of the apparatus.

Alternatively, the tool may be adapted to alternate between
the vibrational modes.

The vibrational modes may alternate at a predetermined
frequency.

The predetermined frequency may be between 0.5 and 5
kHz, preferably in the region of 2 kHz.

An embodiment of the present invention will now be more
particularly described by way of example and with reference
to the accompanying drawings, in which:

FIG. 1 illustrates schematically an ultrasonically powered
surgical tool embodying the invention; and

FIG. 2 shows the wave forms generatable along the tool.

Referring to the drawings, FIG. 1 shows a surgical tool, for
use primarily in laparoscopic procedures.

The surgical tool comprises, at its proximal end, a conver-
sion horn 1 to which are connected two piezoceramic trans-
ducer ultrasonic drivers, a first driver 2 acting in a longitudinal
direction to generate a longitudinal compression wave of
wavelength A and a second driver 3 acting tangentially to
generate a torsional wave of wavelength A .

In operation, either of these waveforms is transmitted
along the waveguide 4, which has a length of nA/2 for both A
and A,

At the distal end of the waveguide 4 is a hinged jaw
arrangement with one vibratable arm of the jaw formed by the
waveguide and the other non-vibratable passive arms 5 of the
jaw hinged to a shroud (not shown) of the waveguide and
operable to move into and out of engagement with the vibrat-
able arm of the jaw.

Referring now to FIG. 2, which shows exemplary wave-
forms for both modes along the length of the tool, it can be
seen that the power delivered at the distal end of jaw is given
by the following.

Torsional wave power P is defined by:

(7]
Pr=12W f (Erocosg)? - d
0

where &, is the particle velocity at the distal tip; ¢ represents
the phase angle from the distal end; and W is the tissue
impedance. W equals p.c where p is the density of the tissue
and ¢ is the sound velocity in the tissue. Note: $=0° at the
distal tip and ¢,=180° at the jaw pivot.

Compression wave power P is defined by:

!
Pc=172 Fﬁ Ecocosd- dod
0

Where |1, is the particle velocity for the compression wave
and F is the mean frictional force at the blade/tissue interface.
F equals p.a.i where p is the pressure applied to the tissue, a
is the contact area between blade and tissue and p is the
friction coefficient at the friction interface.

Each waveform is applied in turn, preferably at a wave
switching frequency of about 2 kHz. The power delivery is the
sum of the products P,. T, and P..T,, where T; and T, are the
respective torsional and compression wave intervals. How-
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ever, the intervals could be variable according to a predeter-
mined program depending on the interval being addressed.
Use of the tool embodying the invention will permit action
to be taken utilising the highly specific torsional mode tech-
niques on material larger than would normally be the case.

The invention claimed is:

1. A surgical tool comprising at a proximal end, a first
means to generate ultrasonic vibration in a torsional shear
mode having a wavelength A and a second means to generate
ultrasonic vibration in a longitudinal compression mode hav-
ing a wavelength A, a wave guide operatively connected to
said first and to said second generating means and extending
therefrom by a distance of nA/2, where n is an integer and A is
awavelength for both A=k and A=A, to adistal end provided
with cutting and/or coagulating means, wherein wavelengths
of the longitudinal compression wave (A.) and the torsional
shear wave (A, propagating through the waveguide are dif-
ferent, and the ratio A :A of the wavelengths of the longitu-
dinal compression wave (A.) and the torsional shear wave
(Ap), as the longitudinal compression wave and the torsional
shear wave propagate through the wave guide, is an odd
number.

2. Atool as claimed in claim 1, wherein the ratio A ~:A =N,
where N is an odd, positive integer and X is a positive integer.

3. A tool as claimed in claim 2, wherein Nis 3 and x is 1, in
which case the ratio A oA, 1s 3:1.

4. A tool as claimed in claim 1, wherein the wavelength of
the longitudinal compression wave A, is longer than the
wavelength of the torsional shear wave A .

5. A tool as claimed in claim 4, wherein the longitudinal
compression wave in the wave guide has nodes which coin-
cide with at least some of nodes of the torsional shear wave in
the wave guide.

4

6. A tool as claimed in claim 5, wherein the waveguide is
supported and/or insulated at nodal points common to both
the longitudinal compression wave and the torsional shear
wave.

7. A tool as claimed in claim 1, wherein the longitudinal
compression wave in the wave guide has nodes which coin-
cide with at least some of nodes of the torsional shear wave in
the wave guide.

8. A tool as claimed in claim 7, wherein the waveguide is
supported and/or insulated at nodal points common to both
the longitudinal compression wave and the torsional shear
wave.

9. A tool as claimed in claim 1, wherein the tool is operable
for part of the time in longitudinal compression vibration
mode and for part of the time in torsional shear vibration
mode.

10. A tool as claimed in claim 9, wherein vibration mode in
operation at any one time is selected by a surgeon or user of
the apparatus.

11. A tool as claimed in claim 9, wherein the tool is adapted
to alternate between the longitudinal compression vibrational
mode and the torsional shear mode.

12. A tool as claimed in claim 9, wherein the tool is adapted
to alternate between vibrational modes at a predetermined
switching frequency.

13. A tool as claimed in claim 12, wherein the predeter-
mined switching frequency is between 0.5 kHz and 5 kHz.

14. A tool as claimed in claim 12, wherein the predeter-
mined switching frequency is about 2 kHz.

15. A tool as claimed in claim 1, further comprising, at a
distal end of the wave guide, a hinged jaw arrangement with
one vibratable arm of the jaw formed by the wave guide and
an other non-vibratable passive arm of the jaw hinged to a
shroud of the wave guide and operable to move into and out of
engagement with the vibratable arm of the jaw.

#* #* #* #* #*
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